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(71) We, YuKio Sahara. 5—8, Koai 
Mmmiadii, Neyagawa City, Osaka Prrf., 
Jojraai, tdo iwreiby dedone (the mventioai, far 
\^teh we pmy imt a patent may ibe gran- 
5 (Deal to «s. and 4aie rn^od by -wlhidh k k to 
be pssrfanned. to te paiHicularly desambed 
m amd by (the faSowing siiailisimmt: — 

Tbei preseait ttavenfen tnelaites to methods 
of. aimi appajat'Us for, Jfeeze-^irying vaim- 

10 OU5 fessh ifood aiid mecfical stuffs, and in ilts 
more partpculaar aspieots it has to do mlh 
Mly confeuous fKsezeHdryiag of such 
stuffs with higher efficiency and effective- 
(iKss but (kxwer cost t&mi baitch-itype and 

15 sami-cOTtiintious lreez&<iryEag. 

It is known ttot freeze-dirying m a pre- 
fomlble ifineatmeait for preservatiion of fresh 
food amd mecScal stufife whidi have ht^ 
wsateflr cooteats or are very unstable to heat, 

20 because freeze-drying oiot only keeps the 
sfcape, colour, nutrilmefliit, -taste and odier 
natural pnopeirties of such stuffe mostly in- 
tact ibut also ailllows such stuffis to Totu-m to 
the original ccmditiians jaiptiidly wath a mere 

25 aidrfii'tircii of aioistuire. 

Hie geaffiral method of f reeze-drj^ng is 
that a Jfrozen object or chairge of matedal 
as heated m a substosiitiiiail "Viacuum oi 0.1 to 
0.001 mm HG to subfiimaite 4he frozen 

30 wate ocHitait out of 4he object, ihus obtain- 
a porous solid drkd prroduot. It as dherc- 
fore indispensable to f reeze-dry5ng treatmonl 
that the object k heated on !the vacuum sut- 
fidEentiy for widh sublimaifem of waitesr con- 

35 tmt. 

Jn conveirtionaa (fineeae-dTyk^, a bsfaitmg 
means as paoxlkied wjthSm each 'wcuum con"^ 
teiuior which as txmxeotsd to a vaouum 
pump, and the frozea objects are diarged 

40 Eiito Ihe vacuum ootntaaners and the <lried 
objects ams discharged out of Ihem m batdh- 
type operation. Tht headng may be either 
cxtemail or anHemall. Where extemai heat- 
ing h used ilhfls k such lhat &e object is 

45 toted by ifihe imtPoduddaQ of heat from 
the outskie of the ofbjec^ for instance by 
measK of heartiag tubes m v/bsdi steam or 
other Mmdiar hea-ckig medium & cdiculated. 
In €ie extemail heatmg itlhe exterior poifesns 

50 of the object wiSl be heated eind diired in- 
[Price 25p] 



evtitabiy prtwar to the daterior portksns. and 
flierefore heat wafl be iaan^enred fcato Khe 
anitantor undided (Pnoaen pondions by way of 
the exteaior diried porous portraos where 
2ieat coiKlucti^ ds aJmeady considerably 55 
aow^ed, IlienBby not only wll iatenior dry- 
ang be delayed but also lihe temperatuae of 
(the object wil be so fex from easy control 
as to cause ovefheaning on tixe extenior por- 
tions. Where mtemail heatdug as used- ditis 60 
IS such that the dbject is heated by the crea- 
tion 0£ heat at the insidt of the object k- 
^' {1-^ dicilectrdc effec^t of 

a h^-feequeocy deolironiagaeafic fieOd pm- 
duced foam an osoHator provSded withki 65 
flie vacuum container tin wh.ich ihe object k 
Qiaosod In tdie intarml heatling diere will 
a dangler of epaork dliischiarge iin sudi an 
eleotoic field of substantial strength pio- 
vided iRTdar substanfciy (reduced aar pies- 70 
f maxhnum allowable output of a 
hii^-frequency osaitetotr, sudi as a mag- 
netiron, free from ,the dan^ of dLschairS- 
Mg is ap^x. IW [per gram of moistu^ 

/450 MHz, Smoe tte maxfenum output of. 
commerckd magnefbroais & 5 KWH or so 
at preseat, the a=vaM>le dntenal hcaiincr 
capacity wtSIil tmevitaMy be feuffiorent for a 
gaobiQal speed of drymg -sMitiiout a danger 80 
ot ei^toc "c^schai^^ng. If a aaage number of 
maj^KftPons with such small output aire em- 
paoyed to mcrease 5he heatimg capoctflty the 
vacuum oonlainer an v^oh the magnetrons 
are endosed wiil have to be so much laager 85 
as to (ntoraase die cost of equipmeot (5r- 
^psp opdin^y. Ih either way, of heatmg 
torefoie, oonventkmail feeze-diylmg dT^r 
irom bemg satasfeotory fin li^peat of 
dency. effeataven:^ and/or cost. 90 

Tlere have bean some attempts to speed 
up the drying pnacess by contimiouBly tak- 
ing 4he soiiid objects fli aiid out of die vac- 
wmi txxniB&ierg, but such attempts (result im 
BenM-oontiinuous openatffion a caie m taken 95 
to aroiid lossing vacuum on the occasion of 
ft^-mg in and out, dius feilikig to meet 4he 
effiaiancy requartemenits of mass productikMi 
suffidmtiy. 

An object of ((he unvejitic«i ds to puovkie 100 
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-fuilily Dontiinuous frseze-djrying wilh suffi- 
dfiaUy aaige hmling capacity to provide lor 
otapird dryJflg ^Wilthout the damgar of dectnc 
dSscfti-arge ik the vaiouuni or ithe 'Heed lor en- 
•lairigement of -the vacuum oaataiiner sozc. 

According to lihe presant Envention ihcco 
is provided a method of freeze-drying food 
and medical stuffs which comprises, m com- 
toaHon, the steps of: (a) chairgmg a frozen 
object of such stuff duto a ooatam^r mads 
of maiteiual faavmg a substmualiy low dd- 
eleciiric loss, or inf naired iray parme- 
ability. (b) connecting saiid oontameir to a 
tet vacuum source tth^hy evacuat- 
ing said containar of gaiseous aitmo^iere to 
subject the dbjeat toain to a^^bstaailrf 
degree of vacuum, (c) substaimtiaMy m^- 
taiLning tihe vtacumn obtaliiied m «step W 
while idiiscomiecting said oaatalimer warn 
said fet source of vacuum and oomectmg 
^ ,to a second vacuum souroe and pa^g 
said evacuated contametr m\h ^«^.ofcJ^J 
.tharain -througji on dcotromagnetic Hold or 
dnf rairod feld, according as the materiaa -liias 
a iow <He^ectriic 'loss oir a h!igh mfraired m 
(permeability, cstablislied m a aion-evacuated 
tunnel while keeping <tihe vacuum substen- 
ti'alLly constant wtitihrHL said contamer hy oon- 



seQtian, or a pofMon of mam ooadmt and 
its -relevaiQit parts shown in Fdgure^ 1; 

Figuue 5 is a sectional plan View taken 
on x5— x5 foe in Figure 1; . i 
Figure 6 lis an enlargement, m v^cal 
section, of vacuum oontomens and thear re- 
l&mii mataMic aeflectors of Figuue 5; 

Fi<nire 7 is a schematic view to show 
mping for 'initiai cvacuajidon of aii^r, and the 
roLy sequence of steps (in -lihe embodi- 
m ant of Figure 1; , ; 

Figuie 8 is a droimt diiagram for aro- 
matic change-over of vaiv^ lin die embodi- 
ment of Figure 1 ; . . - 

Finite 9 is a vertiical section of another 
emtaidinsflit of the mvention, with a lower 
por{ion cut away; and . ^ i 

Fisure 10 fe a seotionai plan view taken 
on xlO— xlO line of Figure 9, showing tlie 
rotary sequence of steps. i 4,^ o 

The cmbodiiment shown tui Hgure 1 to » 
has an annulair -turn table 2 /rotatable on a 
pair of amute rffe 1 by means of whea^ 
31 An upper main conduit 3 <is provided 
at' the centre of the ^tum ^ble 2, and is 
lotatabQe by a dirivling mwhamsm A. ine 
main conduit 3 is pmvided with a plur^ivy 
of branch conduits 4 dn a g^eraMy ra« 
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#alLly constant wtithm said contamer hy con- ^g^j^g^^^^t at the lop end ithe?Peof. Ih 
•tinuous evacuaftion of gaseous atmosphere ^^^^.^ conduits 4 are supported on the^^ 
Iheff^from, Ihoreby sublmatog «i<>istare out 41 ^^^e 3) there- 

_.c .1.. .^u;^^ ^r.A ^^.tractimff 4]he ipesultimg 4^ oipeniiiig upward. A short 

conduiiit 6 is joined to the open end 4^ of 



of ■th3 object and estractiing tiie sPesultimg 
vapour from the evacuated contamer, 
(d) disconnecting saiid contaiiner arom said 
second vacuum source and (e) prac. 
ticing at least steps (b). (c) and 
<d) dn a continuous sequence tor one oon- 
taiLnar after amoChor fedependently wMe 
movfag a series of canitaime-iB around a our- 
culai paJt 9m step (d) parfoimM m said 
path vfA respect to each contamer bang 
tomediatflly foMowed by the <»OTjmg out of 
step (b) paifomed in sasd path with respect 
to anotilKir oontainer. 
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conuUiiii o OS jyiiicu 

each branch conduit 4 by the mtmnaiary 
of an electromagaetic valve 5. A rod ' ^ 
^e-ured to the short conduit 6 by means of 100 
I iib T at the lower end thereof, t^d as en- 
gageabte widi a hoMsr 8 at she upper aid 
tosof for &e <jibjea 40 to be frf ^^dxial 
The short condmt 6 is connected to 
deotramagnetic vaive 9 for iniitial evacua- 
tion of and dso to another eleotromag- 
natic valve 10, for alowtog aar to bejeaked 
into a contamer. The upper end of con- 



105 



, into a coniamBr. luc uy^i^ — - 

The vacuum contaimers can be made oi is provided witb ^ flange 6 on^sms 

gl^ ceramic ma!t«nial plastics or other ^ flange n- pf a bsll ^ 11 Mf 

S^' . relatively kw di- teamediairy of packing m a freely detachable 

■■ ,alal5m. The bsH jar 11 is a vacuum con- 
lainsr mads of glass, cenam^ matemi or 
oaior similar ntateriail with substantiiai.y low 

diieieoinic loss. _ , . . ^ __„t,=^^ 

A healing tunnel B to whiich atmosphOTC 
pressure exists extends over a part of tne 
?omry path of beE jais U carriwi on the 
SmtaWe 2 to permit 'the bell ars 1 1 to pass 
thSu^ it as the turn toble 2 rote^ted. 120 
The tunnel B is lined ^MIth metaikc r^ec- 
tore B2 on the inner walls thereof to pre- 
vent die escape of high-frequaicy wdiation 
and is provided ^1h a stot Bl m «he Ml 
leneai of the bottom ihereof to accommo- 
Tteand guide the beM ja^.H. A pural- 
dtv of falish-frcquancy ladiatoig oscillators 
B3 are provided on -the side vralls of tunnel 
B. 



ISar mateuM havmg a'rdativdy - 
dfictric loss factor for higfa-frequsncy rada. 
tion. 

Adtematively. &s vacuum contamere can 
be made of glass, plastics <»,«*liar^™^ 
maiteiiial having a substantiaUy h^ por- 
meabiity for Sufiiared ladtatron. Eref«xed 
ifonns of (die invention shown by way of ex- 
ample in 4he acoampanying daawaigs m 

^^mre 1 is a vertical devalioa partly in 
section of a fteeze^ryiing apparatus em- 
bodvinfi the present dnveniron; 
Figu« 2 is a plan view of the apparatus 

*^^S^l'is an enlargement, to vertdoaJ 
sectiiOT. of a branch conduit and its relevant 
narts diown in Figure 1; _ 
Figure 4 as an enlaagement. nn vertical 
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As showa in Fdgitrc 7, rtfae (tma 2 as 
equfeped wMi five ipuinpB CI, €2, C3. C4, 
C5 tor initM evacsHiliiaa of aiir irom -die 
bei jars I'L Hie ammber of vacuam pumps 
5 OS i&e saane as the ixumter of bdl jams (Tihi- 
pmg On the SndtiM evacuaitikMi process of the 
Eivmtiioa to be descjibed lostor more pamti- 
cukrly. mid t^e total nujnbor of teH jars 
. is ara imtegfpail number tdanes <flie number of 

10 Mil jais funntmg la the anitM cveoualKWi 
pHxaess. As best ^oiwn m Rgure 7, the firet 
BsMad evtacaiatfcoai vaive 9 is coimeeted to 
the vacuiuu pump CI by way of a pipe C6. 
Hie secand Bind subsequeol (three idfitial 

15 evascuaitoxn vah«s 9 are cooj^^ 

uimi pumps C2, C3, C4. C5 by way of pipes 
07, C8. C9, CIO, a?espect^vidy. Tte sixth 
vaave 9 ds comiected to the pump Cl by 
way of pi^ C6 og^'Ti, and afi the subsequmt 

20 \^v5e5 9 aae ooameotiad to itl^ ^vacojum pumps 
^mtorly m <this trepeatad onktr. 

The turn itabile 2 proVibded wiiith (the same 
muniber of micro-switches 12 (Rgure 2) as 
bed jains 11, at the dircaimfeii^atiaii pam- 

25 ph^ery tharecf. As s^own m Eiguire 8, each 
maopo-swteih 12 oombmed with a four- 
way naky 13 whiich aoittoimafea^ly chaiogas- 
over a power souice cfercmt 14 to con-tBors 
12-1. 12-2, 12-3, 12-4. and agaSn to 12-1 

30 eadi tome Ihe mioio-swdtch os actuated, th-e 
contact 12-1 beang to actuaitflon of Ihe 
electiamag^etic vallve 9 m diairge of iaitaal 
evawiaitron of dir from (the beJi jair 11, the 
contacts 12-2 and 12-3 for opcnmg and 

35 closttng of the edecrtiroinagptetSc valve 5 in 
chaqge of maiin evacualtdoia of aiir f rv>m the 
bell jar 11, electro magnetic valve 10 for 
•tion of ithe electmnagneHic valve 10 tfor 
leaMi^ air ito Jihe baM jaj 11. Four maoro- 

40 coataots 15, 16, 17. 18 (FagtM^ 2) aire loca- 
ted Quouaid the turn liable 2 m engageable 
reiution wiilih each of the nffloio-swildKs 12 
as (the tum oaible js mtaljad, as shown ia F5g- 
ure 2. 'Hie microcontacts are in such a cir- 

45 cumfereatial ainraingamanft on -reilatPODi to die 
turn table 2 as in proportion to the tkne 
rstpmned for die four processes of initiafl 
evaciaitfiooi, mafin evacualion, dcschar^g, 
and chaiigpeDig. 

50 The 'XOtatabile upper tmiiin oonduit 3 is 
comKS^Bd to a fixed Oower coadulit 20 by the 
inftennediary of -lotairy jdnt 19. Hie lower 
masa oonduit 20 is ooameoCed to a pIuiaMty 
of ooM Sraips 21, 2P on paialltl i^alion by 

55 ihe mteinneifcuy of gate valves 24, 24\ and 
the cdd itraps 21, 2P aje oooneoted to a 
vacuum pump 23 fotr maSn evacfuatfeon of air 
by way of condisk 22 aitd i^p valves 25, 
25\ Bach cold tirap has its own cooling 

60 system whkh coatbprises die trap 21 or 2V 
tftsel-f, a coofilmg tube 35 or 35*, am automa- 
tic flow -regulaiing vaive 36 or 36\ a draki 
vaive 38 or 38\ a feed stop vailve 26 or 
26\ a letjuim stop vaivse 27 or 27S aiKi a 

65 defoost valve 37 or 37\ Tte coaling systems 



are all comiec^ to a refrigeiaat heait pump 
32 by way of a feed pipe 33 and a i^tum 
pope 34. Hie coM tmps are ciiangod over 
by the stop valves 24. 24\ 25. 25\ 26, 26* 
aad 27. 27* to put one of them mto service 70 
whle 'the othecs are out of service. 

As best shown m E^re 6, k^-fre- 
qeocy 'ladiiartiion as drpeMo(3 from teakage by 
means of metailillic (lefleotQPs 28, 29 and 30. 
liie a^eotOkT 28 (Figuises 2 aind 5) as aa an- 75 
nular 4iKCa5fc pfete extending between the 
bell jais 11 to shieM die slit Bl at die bot- 
tom of heating tuamel B. Hie lefleototrs 
29 aire annular motailiMc pblas suinKMmdtng 
each bei jar 11 to diiisM holes 28* whiich is 80 
provMed fin .the reflector 28 to aMow the 
ftan^ 11* of bell jar 11 to pass through 
when ihe jar fe open and cksed. The re- 
flectors 30 are annular metailitic plates fixed 
to (the rods 7 to ^haetld die opai bixttom end 85 
of beH jar 11. The refleotors 29 and 30 are 
located at almost (the same devei, with the 
mner edge 29* of 4he fanner and the outor 
edge 30* of ilhe latter beting bait downvraid 
to be in sudh an oppowte leiaitioai wuitii each 90- 
other mitwithsfcanding die intetrmodiary of ^ 
bdl jar wall as to define a clearance between 
them which as more dsm i the wavelength 
and oairower fthan die full anrpitede of <the 
applied high^requency energy and less 95 
•than equail to ithe saM wavelength. Hie 
high'fiTMuency raxfetion ds aJira shielded 
f pcwn leakage by means of seLf-dtosing doors 
B4, B5 and B6, B7 made of motailfc plate 
or mesh, arirangad at both ends of heaitmg 100 
tunnel B as shown in Figure 5. All the 
shrelttfing metmbers 28, 29, 30, B2. B4, B5. 
B6, B7 are diermaEiy ensuated. 

As shown fin T^ure 4. die upper main 
conduit 3 is provided With a sJiJdabie cotttact 105 
mechaniism D ito supply power to die diav- 
mg mjotors of vacuum pumps Cl, C2, C3, 
C4, C5 end the circuiiits 14 conneobed to re- 
lays 13. Hie driving medhanism A for ix>- 
tatii^ the main oonduit 3 oomprisfes a motor 110 
Al, a speed vamiatoff A2, a too&ed pthaon 
A3 and a toothed gear A4. The numeral 39 
m H^pe 1, dndicaites a Dtail $ar guifeg the 
beH jars 11 as die <tum tabie 2 goes round. 

In die oparatron of freeze-dryang with re- 115 
ference to Figures 1 to 8, each reiay 13 5s 
HMt-ially set at a desired aiwangennMiit, for 
instance, to connect ithe cdrcttit 14 to the 
cpatact 12-1 to actuate die 'vadve 9 for inti- 
tM evaouaiakm of tair die moment one of 120 
the mfcroswlitches 12 touches the miicrooon- 
tadt 15 locaited at due potto <a) of FUgure 
7. The vacuum pump 23 reduce pressure nn 
die ma&a evacuataon system whidh consists 
of dectiraiagnBdc vaUves 5, branch conduiits 125 
4, upper (main oondufet 3. joint 19, lower 
ma&i canduSit 20, cold trap 21 ^id cx>nnec- 
tjon comiuit 22. The vacuum pumps Cl C2 
G3. C4, C5 reduce jOTBKure dn die pie- 
evaooation p^ C6. C7, C8. C9, CIO. re- 130 
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OTesatUvdy. The uppar malin coaiduik 3 cs 'ro- 
tSed by tttc idrivSng medhanism A wMe the 
lower main coaKimt 20 remaitns staldonao'- 
The iiBm talbds 2 ds iPOitiated (tog-ertii'eir -wath the 

5 upperraalkiooiichiitSiirtiheidi!^ 

iSk€d fia Fagiire 1. cainrying the jars 
11 itheireori. As (the Hum itaMe 2 goes noimd, 
the bdi jars 11 pass (through tthe heatang 
tomel B mth tatmospheiric pressure oa a 

10 avea pm of the guide <radi 39 apd de- 
Sched upward off &e flanges 6^ of short 
comimt -6 oa aaiote #vea 'panit of me guide 
rail 39 

While ai jar 11 k detached from tthe 
15 ^ort conduit 6, that is. on the charing prcv 
cess fiom <f) to <a) of FSguoie 7, a holder 8 
aanitaaniing a tern object 40 us put on the 
txmoffTdd?. Ih-enitheb-eaijair 11 ds lowaned 
down to the flange 6' of short conduit 6 as 
20 at ^ppmachess (the (a) of the cMging 
piweiss, mow endoyLng tthe objeot 40 -therem. 

At -the point (a) a microsEwiitdi 12 touches 
the microcontact 15 to cause the relay 13 
to change-over to tthe coaitaot 12-1 iK> oipen 
25 the dectaxymagaetic \'alve 9. Air «s then 
evaci^ted out of tthe bdi jar 11 by way Ox 
the apcn^ valve 9 and Mevajit p^pe 
C6 by the action of vacuum pump CI. in 
manner on die Mtiai evaouation ptrcc^s 
30 Irom <a) to (b) of Figure 7. ihe bell jar 11 
is evacuated of aiir w&rly down to the 
hi^er vacuum wh5di lis staai'diag 'in the 
branch cond* 4, (thereby bail-andng pres- 
sure at both sides of die dleotroanagneftc 
35 vaive 5 fto faciitate .the suooeeding opening 
of vBive 5 whiie -unMandng pressure imsiide 
and ouitdde ol (the wal of the be^ jar 11 
to keep the jar 11 firmly on the flange 6^ 
of short csonduit 6. . « ,^ ^ u« 

40 At die pote ^) a ■nncraswi'tdh 12 touches 
die microconitaict 16 to cause die relay 13 to 
chaaige-over to die contact 12-2 to open -tne 
etotromagnetlic vaive 5 while aUov;^ng the 
deotromaigneSifc vailve 9 'to dose, thm the 
45 beiH jHir 11 is tramsferpoi from the a-ititjail 
evacuaililon pnocess onto the mam evacua- 
tion -pitocess wSthoiBt affeotiinig die pre^ure 
at b<^ sides of deotroma^etic vaive 5. In 
die maaai tevacuanioa process from -fb) to (e) 
50 of FGgufliB 7. the bell jair 11 lis always kept 
at a given substantial vacuum by die action 
of vacuum pump 23. The elootroinagnetiic 
valve 5 is kqpt My openod f rom (b) lo 

(d) of Hguie 7, by the actScin of a Snimt 
55 swMi <not shown). Afifcea: pei^g die pojnt 

(e) die bell jar 11 opens die shieMmg doors 
B4 B5 asnd enters die heating tunnel B 
akiig the m Bl. As die beU janr 11 goes 
through the electromagnetic field provi^ 

60 bv die hiA-^frequOTcy osoilators B3 m the 
tunnel B, (the object 40 whidi a sub- 
stantaaiily hi^ dielectric loss lis heated m- 
. tsmaaiy by -die effeat of hi^-ifrequency flux 
to sublhnate die frozen moisture thereoi 

65 under the vacuum within the bell jar 1 1. 



More ^OTtifoular'ly tin die beating tunnel 
B the object 40 v^ch us kept in a yacuinn 

of approx. 0.1 mm Hg v^thM die beR jaa: 
11 goes. dirough an decttromagne^ field de- 
fined by die shielding memb^s 28; j9. 30, /u 
B2 B4, B5. B6. B7. and as exposed to 
hi^-frequency flux flowing through the 
wall of bd'l jaa: II which h made of a ma- 
tarial widi a low ■dadectric 'loss. Eleotro- 
m^etiic energy converted tinto therraai O 
energy in prc^xMon to die strength of elec- 
tromagnetic field, frequency of the field, and 
dideotilic doss feotor of die objeot, whereby 
die tempenaJtUTc of die objeot iraiised ap- 
prox. to -20° or -25°C whiich is hiigher 80 
than the saturation temperature of moisture 
at die ex^stmg pressuie aoid therefore the 
frozen moisture ds quicMy subfeiatcd out 
of the dbject 40. The more moisture is silb- 
]inna«ted, the more 'the dielectric loss as de- 85 
oreassed and accordingly the less die object 
is haaited -thereby overheatiing wi^U be largely 
avoaded. Thus die objeot as dried suffidentily 
into a porous solid object, before the beill 
jar 11 opens -die shibldirng doors B6, B7 and 90 
leaves die tunnel B. ^ , ^- ^ 

The vapour subiiunated out of the object 
40 'is drawn from the be! jar 11 to cold 
tmp 21 by v^^y of deotromagnelic valve 
5, branch conduit 4, upper msm conduit3, 95 
jota 19 and lower maiin conduit 20. The 
condensable fractions aire trapped en 'die 
cooking tube 35, while non-condensable gas 
■is fuflher drawn to die vacuum F^mp 23 
by way of -the conduit 22, and therefore the 100 
main evacuation system is always kept at 
a -wiven subsiMtital vaoumn. When so much 
condensate ds -trapped on -die coc^King tube 
35 as to lower die trapping capacity sub- 
stantJMy, .the trap 21 is put out of service 105 
an:d another tnap 2P is put into service 'in- 
stead of .die control of rdevant stop valves 
24. 2l\ 25. 25\ 26. 26^ and 27. 27\ 

At the point (d) ummed'ia'tely aftor die 
tunnel B, a mlrcroswiitch 12 touches the 110 
ndcpoconlact 17 to have -die relay 13 
change-over to die contact 12-3 to bergru to 
close the dectromagnetic valve 5, wh-ich js 
cofmpletdy closed before a mibraswitch 12 
toudhes die nnaroooiniGaat 18 et the .point 115 
(e) dius dsoflathig the bdl jair 11 completely 
from die branch conduit 4 wherem a gfiven 
subst^tiail nergadve pressure is aHways mam- 

*^^*^^'ths poant (e) a microswitch 12 120 
touches dhe Morooontact 18 to cause the 
rday 13 to change-over to die oantact 12-4 
to open die sleotromagn^c valve 10. aean 
diry ahr OS tiien leaked -into -die 'bell jar 11 
by way of die opened vadve 10 and a niter 125 
(not shown) provided on the vailve 10. Thus 
aitmospheric prossuire is le-establiishad with- 
ia the beH jar 11 and >dierefore pressure -is 
bajlanced with&n and without the bdi jar 
11 to faoElitate die suoceedmg detaohmg ot 130 
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befl jax 11 fem die feog^ 6^ of Bhiont oon- 
oiitt 6\ ending ih& disc^iai»tng process 
desi^Mtel from (e) to (0 in I%iHe 7. 
^ Aftsr (&e ddsdhaigmg poiocess, die beill 
5 jar 11 is returned back again to the charg- 
^ pnooess designated fotm (f) (to (a) an 
Rguie 7. M *tfce ciiaigmg process, die beH 
J^^is opened upward and the hdder 8 
witii dis dceed objeat 40 taken off, ainxi 

10 m pihBcc QirBorthjQr hdldetr ^mth a mew obieot 
ffi pit on, die iJod 7. Ite bdl jar 11 wistih 
the new object 40 tiheo goes mix> the next 
cydle, <!lie dootamignet^ valve 10 bemg 
a/Boweid to close at ithe pcto (a) v^^ 

15 nnoioswtiitdi 12 toudies itJie niioiiofconitacit 15. 
Astfae turn talbie 2 tis (rotated aonteioiEEayi 
^oi of the be31 jaois 11 ca*nnbd xm aft goes 
™<Hi#i Itte (proceBs of chair^g, inilM 
evacuation, main evacuatim and dealc in se- 

20 quence. therdby disdiar;^g the dried pro- 
ducts continuously. 

As deserted aibove, ^hcrc aire .four pro- 
cesses m foeease-dtrying ms^iiiig use of the 
^mtoditmein't shown da Faguires 1 to 8; 

25 ^mely, ciiar^n^ process des^gtoated ircm 
<t) to <e), SnaltM evacuatfiton ^proosss from 
^) ilo maffiu evacuattion process from 
<b) (to (e), aind disclhatrigmg process from (e) 
(to <!). Hiere are always a pluTaliky of bedl 

30 jajs 11 in eadh of the fooir pnocesseis. And 
Aheae aire ailways five heill jars 11 in (the 
ftte^^raouiaitk^ ptJooess of the .presem em- 
badmiisint. eadh -beM jair pre-evacuated of 
air by an independent vacuum .pump CI 

35 C2 C3 C4 or C5 in such a manner 
that, as (me jar goes out of the initial evacu- 
atiOQ process, another jar c<Hiies dnto the 
process to be evacuated of air by the same 
ipump used for die teavSng jar. TheaeiSoi^ 

40 duflfemiit pcessmres exdst fin five jars Tunniing 
m die fentttaai evacuartiiion process. Tliis 
piHn|xtng qufcfcens die ttnatial evacuadon 
l&nB fott* e^dh jair. 
Hie heating tunnel B may be dlvidtd 

45 tcansveisefly mto a pJuiaMy of longitudinal 
ocxmpaittmenils. eiacJi compajrtoenjt paovLding 
a ddffereot strengtih of eleottroma^etrc fieid 
ten &ivecs?e propoidoai to the dieilecitric toss 
of die object 40 which oisuaHy decreases 

50 2^ the object 40 gets more and more dried 
tfaiDU^ the heating course of tunnd B, 
so as CO ahnoBt ooii^tsedy exolude die pos- 
sibliEty of over-hea'tikig the object amd mak- 
gjUg St pss^le to efficaeatiy dry a wide 

55 (range of objeots with daffeiem diedecfcruc 



"nie embadimetnt shown in FSguro 9 and 
10 fe e^)eafflLiiy jfioa: (fineeae^dryijig medrcad 
stuffs m giass ampoules pesnneabile to in&a- 

60 rad ladMon by die use of dnfiaied radiia- 
don OS die Iheatoig source for subdimation of 
mdBtune. Medfcail stuflEs of partucuilair pro- 
perties and bacterial strains are often sub- 
ject to dcnatuiing of jMooe&i or stfidiliisallion 

65 of such faaatfitiffiL^ when hectited intcmailly Aby 



die '^eSeotidc effieot of l^i^-fiequsaicy oaxia- 
#an diroug^i such sfieiiiBEgaitiioin is usuaMy 
anm, desMbte for genatall food stuffis. In 
smi pairfioalar cases, extannail faeadng w^ 
atfrarad tcadBdaa wffl be pretferabfe m 70 
Sreeze^ryinng. In adScMon, anmoides 
or ssniilair oan;teitteas reqi^ a seafetg nro- 
oeiss after die object ds irceze-dirfed. Ihese 
•requaranteotB taine (fu!6fiElad by die embodi- 
ment G/hown m F^mes 9 and 10. 75 

llie embcxdimmt fcn Hgures 9 md 10 (has 
a Kxmstiruiciiota and f uncdon teckmesitaJly 
snnilax to ihe one m Figures 1 to 8. Thar^ 
fore similar membeis aine desl^^ 
TCierence nmneuate. 80 

Jn Figure 9, an upper main conduit 3 
fe TOOA^cded at die cantme of a ten ftahie 2 
wJilocti as irotatoibte around an annuiiar raii)! 1 
by means of wheels 31. Tlie upper main 
co^uiBt 3 fe rotaibte^^ 85 
HKiuduig a driven shJa^ A5. a toothed 
prntoi A3 and a toothed gear A4. A plu- 
itaitrty of bnandi cMiduiPts 4 aire ooinnectod 
to me }}gpsfr maki oond* 3 by die nnter- 
niseKtay of stmali^t condrnts 43 and on 90 
affmufer condiXfet 42 >vhMi k surftftiatod cm 
die turn table 2. Eadi branch wndA 4 
IS open downward, and its opm end 4^ 4s 
ccmeoted to a shont conduiilt 6 by die mter- 
medlEairy of on elfeotromagiietac valve 5. The 95 
shotnt conduit 6 ids conffsoliedp to an deotiro- 
maignjetjc valve 9 tor prtenevacuafen and 
atlso to another efltoromagnetic vaive 10 
for iesaldmg ok dieinainto. 

I^e embodiimmt dn Foigures 9 and 10 is 100 
proAjidad wsdi a phnaility of attachment E 
tor loading ampcxte 41 and aitso a mech- 
anasm F for seailing die ampouies 41 Each 
ampodc ioadikg aittachment E ooanprffies a 
jcirt El, an ainm E2 seouned to the turn 105 
m'OJe 2. an amipoulie-oannectttng ngpe E3 
connected to dfae shoirt ooaiduit 6 by the 
^tonmetfary of joM El and supported by 
dicaim E2 ki rotaitable leMon theinewtitlL 
a Motion wheel E4 fixed to die pSpe E3 110 
and a (rubber conneotor E5 affixed at tihe 
^^J^ »P%>e E3 to Md an atopoule 
41 la^Hy. The ampoude seafi^ mechan- 
osm F comprises a beSt Fl to levolve die 
ampoute 41 and a burner F2 to seal the 11'5 
ampoule 41. 

A heaHing (tunnefl B open to aiifiomatic 
pressure is dnstaMed under a pairt of the 
^aiy padi of die ampouleoonnecdng pdpes 
E3 paimbd by die tuira table 2 to permS 120 
die tower parts of the pipes E3 and loaded 
ampoiMes 41 to pass dwough it as die turn 
2 & lotated Tlie tunnea B ds pro- 
vided with a slit Bl therean for the fuM 
leoigth of the top thereof to guskfe the 125 
ampoule connecting fnpes E3. and i aiko 
equapped with a pduraili&y of dnfrared radita- 
lacn ladlatofrs B8 on die dde walis thereof 
to tpnowde an innajcfiiaiaion fidd diere&i. 
Ifee (TOiMy upper nrahi conduct 3 is con- 130 
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nected to a stationary lower main coDduit 
20 by the mtemxQ^^2^y of a jo!iixt 19. Tp& 
embodiment is further provided with 
vacuum pumps and pjptings fotr mMiM eva- 
5 ouaitoi of flk; vacuum pump, trefrigerator, 
ooiLd traps, valves and paping for ma!ui 
evacuaitlion, eLeabrac irdlays and oircutcte m- 
cludikig mjiCTOfSvvliitoh'ets taad mitcaoooiitacts itt> 
swiftdh 42ie ^proce^es. These aire not ^hovra 

10 on FiigUtKs 9 and 10 bacause tbey are sim- 
3aar to those of i^^ures 1 to 8. 

In the operation of freeze-dryjtng m refer- 
ence fto Figtttes 9 aaiid 10, dnittiaUy rthe elec- 
titro -relays aire pre-OTaittged for tiie cimrg- 

15 iQtr iprooees from (h) ta <a). mHial ©vacua- 
tim praoess from <a) to '(b^), mada evacua- 
tkm process &oim <b) to <e), seailing process 
from (eO to (f), and dischargiLng poxjce^ 

fawn 4) *o <?i)- ^1 
20 In the cthanging process an ampoule 4i 
coBtaMog a frozen object 40 is put on a 
conneJoing pipe 1E3 by means of the affixed 
rubber conneatotr E5. At the p'omt (a) i2ie 
eleotromagnebfc valve 9 as -c^eaed to matical 
25 evacuaite mr out of tiie amiK>uJe 41 by way 
of fthe connecting pipe E3 and short conduit 
6. At tihe poant (b^) die valve 9 cilosed 
to finish the dnditM evacuaition pflPC>oess. At 
the point (b) the etectromagnetic vaive 5 as 
30 opmed for mam evacuation of adir by way 
of tihe branch conduit 4 to keep (the imirde 
of aanpouile 41 ait a given substantial 
vacuum. The amipoule 41 then goe^ toon^ 
•the heaitmg tormd B torn (c) to (d). durmg 
35 which 'it lis exposed to mf-raired ladiafcion 
from -the laditaftors B8. Tne db]^ 40 
heated extemailly by the infrared tfatotion 
has dts foozen nsoisture subimait'^m the 
vacuum vnMa the ampoule 41. Tnus 
40 oibiect is dmied before (the ampoule 41 g^ 
out of the tunnsd B. At the p<Mnt {e) ^e 
oleotromagnetinc valve 5 as dosed *o tmisii 
Ihe ttnaMi evacuaitlran pi?ocess. -Ait the pomt 
(e*) ithe efkotromagnetac \'ailve 10 ss openetl 
45 to fl-ntoduoe dean diy aar or nitr^^en gas 
into ampouile 41, and therefoire the am- 
.poaile 41 lis Qit aamotspheilBC pressure ftherem. 
iSe process of lefilins the amipoule wafli 
air Kxr other gas is fimi^ed ait the point (t). 
50 In (the sealing process desjgjuated from ^ 
to <h) the an^)oifle 41 as levolvad on rthe 
oonne^g plipe E3 by meacB of 
tim wheel E4 m contact wtith. die belt 1*1, 
and ilihe antpaua© 41 as sealed by me flame 
55 from the bunner F2. . ^ j - . v- + 

The sealed ampoule 41 wdith drted object 
40 as taken and fin place anothOT with a 
new object m put on, 4he connectSng pipe 
E3 wifth (rubber coameator E5, The ampoule 
-60 41 <with rthe new dbject 40 then goes mto 
dte nexit cycle. As rthe mm rtaMe 2 is 
rotated continuously, the dried and sealed 
npoduots aire delivered continuously. 
The dnfrared radiation radiators B8 may 
65 be aepdacod by a means -fioir producing an 



elieatiPamagttetiic fieki to heat the object m- 
temaly by (the diideateiic rfEeoL 

The embodiment on Figures 9 and 10 can 
be used for vamious contaiaers merely by 
interdhanging of rthe loading altachmettts E. 70 

It wiM i&ius be seen .that feeze-dxying an 
accordance .with the 'invenition provides f uMy 
conifeuous operartion wiUi sufficdienMy 'laige 
heaiCing capadity Whihouit rumiting any danger 
of dectnic discharge an vacuum and with- 75 
out irequirtng any entegement of vacuum 
equipment size. 



WHAT WE C1.AIM IS: — 
1. A method of freeae-drpig food and 
mediical stufiEs which comprises, in com- 80 
bmaition. rthe steps of: 

(a) dianig^ig a frozen object of such 
stuff "into a conitaimer anade of niatariail 
having a sub3tantiia31y low dideoliric loss, 
or high dnfrared lay permeabiLity, 85 

^) connecting saM container to a first 
vacuum souirce and -thureby evacuating 
said confcaimer of gaseous atmosphere to 
subjeot the object 'therein to a substan- 
tial degree of vacuum, ^ 90 

•(c) substanlnaMy maintailning the 
vacuum obtained in step fb) while dis- 
conneoing saad container from saiid first 
source of vacuum and connecting it to a 
second vacuum source and passing said 95 
cA-acuajted container wiiith 4he object rthere- 
in Jthrougjh an deotiromagneiic fioM or in- 
ifrnied field, accosdiing as she matei^iail -has 
a low didectric loss or a high dnfrared 
jay permeability, established in a non- 100 
evacuated *uimd while keepting 4he 
vacuum substantially constant withm salid 
oontaiiner by continuous evacuaition of 
gaseous atmosphere tiiciefrom, 'thcsreby 
sublimating moisture out of the object 105 
and extitacding i£he iPesulCEng vapour f«>m 
the evacuaited oontaiin&r, 

(d) ditsconnacting said oontaunea: firom 
said second vacuum source and 

(e) practising ait least steps (b), (c) 110 
and (d) in a continuous sequence for one 
cmtainer after another mdapendendy 
whole moving a series of containers 
airound a dicuslair path with step (d) p^ 
fowned fin said paith w4th Tespeot to eadi 115 
coniaiiner being immediartely fdlowad by 
the oaMying out of step (b) paifotnned m 
saild path with -r^ect to another con- . 
taiiner, 

2. A method as daimed in Gfeim 1, 120 
wherdin bdiwesn <the stops (d) arid {e) gas 
is alowed to leak imto Ihe conita-iner so -Ihat 
the pressure therem leadhes artmospheric 
pressure, and the dnied object is removed. 

3. A method as cladmed in Otam 1, 125 
wherein between die steps (d) and (e) ihe 
conitalflieir lis ssded with the fireeze-dried 
oibjeet rtherefin. , . ^ j ^ 

4. A method of ifreeze-drying tood ana 
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madffiEl gtaifik, substamtaflMy os h^Doki des- 
ciS3€id ^woflii treference to ifce acooonpaiay^g 

5. An ajjpairatiis fcn ^reezewdirySQg food 
5 and madicaa stirifs by itlhe mediod claamed 
in daim 2, axmjpdiamg an vppea: ceolrai 
iotairy oonduik xotals^e by a drivimg inecii- 
adiSttn, a iiowor oeaitirail tsitatiiiomiry cmdifiit 
caimected wdlh sadd upper ceotial oKKtuit 

10 by "Che iritermedaiary of a cotary jodnt, a turn 
table TOtatabte togiatiier wit^ ceaitBal 
rotary axiduiit, a pluxaiiity of oondimits 
brtanched ^firoan sa&i uppea* iMtitrail conduit 
ait one leaid oind suppootei on said turn 

15 tabfe at iho otea: open end^ a plurality of 
shmtt oonditrts jokiod mesiKcCBvely with ^fid 
bnanDcb oanduits at sasd open cods supportod 
on BsaM timi taMe, a pihjinailiity of contaimers 
to te eo^iged respectiivdly on said diort 

20 conduSts in dsdadiialble reiktiion and to be 
moved aiouind a homisoinitiaiRy cdrcuSar paSii 
on said turn teiblc, a tunnei teving aitmos- 
pflieitic pressuie [tbererai and cqsufipped wudi 
a piuirailttty of incgh-fiiequeaicy osoillia'tors amd 

25 sshdeildiing means to proviid© an deotaromag- 
pefiic field afcieirtain or witih a ^itra^ity of 
imfrared lay aadiatans tto pro\Me an iraadi- 
aCion fidd itSisnein, and means to move sa^d 
GontaMens verticaltly tas 'tihey move arouod 

30 saiid hopizmtaMy OBicuilaa- patii an such a 
manneir as to dataxdi eacih ol said cantainers 
foom an ai^otiated saM slhoat conduit wiale 
it mjQvses aroxind a fest pant cf said cMcu3ajr 
p(ai& and <to sngpgie it saiid diort oon- 

35 diuirt while ait moves aiong 4iie second part 
ttereotf , eadi oif saiid diort cwndiitB bcEig 
P50viid5ed vMi means libereiki fer suppartmg 
a holder for itiie «db}sot, eadh of saiid hoMcis 
with a t&ozen' object ^esreon being put on 

40 and off saad suppoirtiing means m saad short 
oonduiit "ftiiitle said oontalkier fe disengaged 
ferora saiid shout comdniat taioog first part 
of saifid oirouilar palh, saad contauners l^ng 
made of a nrntcriiflil wlith sidsstanitiaaily kw 

45 dideotiric loss, or high an^raied ray peona- 
abfllity aiccofidiing as die appaiia-tus is pro- 
vided -with thagh-frequmcy oscaiJatons or in- 
feined tray maxSaitOffB, saiid flower central con- 
duit being conneoiod ito a fiirst vacuum pump 

50 by way of a cold trap and neflevant pdpings 
to evacuaite said shoirt oonduits of air ito a 
subsit^iitiiaMy {nedicced pineGSUine, each of &akl 
short oonduits thding comxeoted vMi a tdo 
of valve means, one of -whfch ds opeaa2)(le to 

55 oonnecit saM ^ont conduit ifco a vacuum 
poimp to fis^aMy evacuate saad contamer of 
& £ram otDxcsphenic iprassuie down to « 
sutetantiaflly (reduced pnsssure while sas6 
container moves alotng (the seowid part o? 

60 said oincito patiii, anothier of "whidi is anter- 
medialte sa^ short conduStt and said branch 
oonduit and is operable to cause the evacua- 
tion of saad contain)er of air by means of 
a second vacuum punap to keep substanti- 

65 aMy irednced presssuire withan said container 



while at moves aiound a thiud part of sated 
carouilar pmSh, and the tern one of which is 
connected to an ooir or ofcr gas source, to 
aaittw such B!k or crihor gas to fealc into s^ 
oontasosa- so that 4he jpnassuire Jhenem nises 70 
from the substantially neduced pffiessure «p 
to almosphdic pressure wfaiLLe the con'tainer 
moves airouud a ftyu<rth .paint of saM akcular 
path, said tunnel being Iccaited in tiie thaird 
pant of said oircuilar paith to h-eat oibject 75 
either by daoleatric heajtiEDg effect of hi^- 
f requency -radialion or by ifhe infraiiad raicMa- 
fiion transmitted througji said containex to 
subilEmate flroaen mofetuore out of Ihe object 
to dry the same, die founJh pairt of sadd oiir- 80 
ouJar path bdmg adjaceoit to the fi«r5t pairt 
thereof. 

6. An apparatus accoidiing to Qaim 5 
whenein -the nun^er of said vacunm pumps 
coim'K:tod to said short conduits by way of 85 
piping !k same as the numbso: of said con- 
tamers runnllng talong .the ^cond .part of said 
anrcuilafl:^ path, each of said vacuum pum,ps 
evacuaitimg one of saled oontaiioers mdepen- - 
dently in a manner that, as one oontametr 90 . 
goes out of (the second paat of said carouiiatr 
pa-th, another contamer oomes thereon to be 
evaxjuated of air by the saanie vacuum pump 
iBed for ithe leaving one. 

7. An appainatus as cJiaimed in Oalim 5 95 
wheriML Ithe said !last one of the trio of 
valve means & an deatromagnetic vail>;e and 
said turn table is ptroviided wiith the same 
number of micaoswitidhes as said ootnliainers 

at the periphery -theneoif to toe m engageaMe 100 
redatron •wi>lh coitoct means oirranged along 
said cdircuilar pajth, each of said micro- 
switches bakig corahined with on deotric 
relay means to actuate and re-set ^ dec- 
tiomagpebic valve every tune one of saiid 105 
miioros\\^tches touches one of said contact 
means as saiki oontaimer moves amound said 
OErculair paith <th©nehy oausing saad evacuat- 
ing and leakling of aiar in rthe Jespeotive pairlts 
of said diicular path. 1 10 

8. An apparatus for feeze-drylkig foods 
and apeJdiioail stufiEs tezm and disposed in 
oontainetrs made of a matoW wiith sub- 
stontiailiy low dMeotric Jotss or substantMy 
hi^ penneabiitky iar dnifiraml (rays by the 115 
method acoordeig to cten 3, comprifih^ an 
nppeir central trotary aondfuit a-otatablc by a 
ditiving med hanif s m , a lovreir oentrai station- 
ary condoBt connected -wlkh said upper cen- 
tral Gondaiiit by the mleimeduairy of a lotajry 120 
jokit, a dxEm tahdc trotaiCahte together with 
said ceretrai ax^tary conduit, a Jt'u^f^ty of 
condtaits foiranched &om said upper central 
oonduiit at one end and supported on said 
turn table at the other oipen end, a .{iluinal- 125 
ity of tshont candid joined TespeotiveJy with 
said branch conduits at said ofpm ends sup- 
potnfced on said ton itable, a pdma^y of 
attachments respecttvdy secuir^ to said 
^ont ctMiduits to cairy saM contamsrs 130 
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aaouiKi a dkcaiifcar paifli as saM tinn lable is 
lotatei, a itumreiL tovang atmosph-enic pros- 
sure theredii aard equapj^ ■wtttit a iplurailaty 
of ha^-foeq^imcy oscdMaftors outd sMeldiing 
5 means to fxixyviMs am decteomaignieiac fidd 
tshetrein or wtitti a ptaaJttty of dilfiraired lay 
■ ladatJcxns ito paovMe an iiiaidiia^tai field 
th-QPeiri, meaiis -to seal said contiaiiaeis 'Wilh 
te objoats tbecnedn -resipecifiively betore .t!hsy 

.10 are umiooded ifircan said at^adimoiils, and 
meains to move eadi saM cootamer on aad 
off ^d attadunetnt as at moves auoimd a 
first panit of saM c&cuitar palii, saM lower 
oenitral oondiaat being ooamecJt^d to a first 

15 vacuiHa pump by . way of a cold .trap and 
rdevamt (p^fog fto evacuate saM sfiodit con- 
duits of aliiT to a subsftainificallly reduced pies- 
suie, each cf saM Sbort coirdmts oonneateid 
to a tPio of *V£ulve msaois, one oE 'wliicii is 

20 oivaraible to comiect said ^ort ooaduit to 
the firsit vaDUUim pump to pre-evacuate said 
container of aar ifirom eitmosplieric pressure 
down to a sulbstantliaay adduced pressure 
wMJe said ccntameir moves around a seoopd 

25 part of said dircuaar patlh, anolier of which 
is finteonedifljte said shout coaduit aaid said 
brandi conduit and us operable to cause 
the evacuation of saM <x)ntainer of aec by 
means of a second vacaium pump to ke^ 

30 siibstantHailly aisduscisd pnessure wlthiin said 
container wMle it moves airound a Ihljrd 



pant of saad tirculair path, and the last on© 
of whidi OS conneoited to an db: or o&er gas 
source to allow such air or other gas to leak 
into saiid contalineES so ihait <!he pressuire 
therdn rises feom Itie substantiBaMy aeduiced 
pressure up to atmosphedc pressutre while 
the oantaiiner moves around a £ourfli pait 
of saM cdioidair paitih, saM ttunnd being 
locatod 'in the 'thnd pairt of said ccficular 
paith to heat the object either by the di- 
eleafinic heaHmg effect of high-fnequency 
ladiiallion or by the imfarcd radiation 'trans- 
miitted Ihiougjh said contafiner to sublliimate 
foozen moliBtuire ouit cf the object to dry 
the CTne, ithc fourfli paint of said dicular 
pailh being adjacent to the fiitst pafft thereof, 
and the seaMng means being located dhe 
portion of the fourth pant which ins adjacent 
the ficst pairt 

9. An appairaitus for freesze-dryiii^ food 
and medical stuSs, substantiioMy as herem 
described with reference to Figures 1 to 8 
or Figures 9 and 10 of die accompanymg 
drav/mgs. 

ELKINGTON AND FIFE, 
Ghainteri^ Patent Agents, 
Hi;^ Holbom House, 
52/54 Hoabom, 
London WCIV 6SH. 
AgealB for the Applicants. 
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